of an artificial urban lake called Pampulha, located at the city of Belo Horizonte, Brazil. Here, by using a protocol of direct inoculation of water samples on cultures of 1 0 8 Acanthamoeba castellanii (Neff strain, ATCC 30010), we have managed to isolate a 1 0 9 new amoebal virus that we named Yaravirus brasiliensis, as a tribute to an important 1 1 0 character (Yara, the mother of waters) of the mythological stories of the Tupi-Guarani 1 1 1 indigenous tribes (20) . Negative staining revealed the presence of small icosahedral 1 1 2 particles on the supernatant of infected amoebal cells, measuring about 80 nm diameter 1 1 3 ( Fig. 1a ). Cryo-electron microscopy images of purified particles suggest that Yaravirus 1 1 4 particles present two capsid shells, as previously described for Faustovirus (21). At the beginning of infection in A. castellanii, Yaravirus particles are found attached to 1 1 6 the outside part of the amoebal plasma membrane, suggesting the participation of a host 1 1 7 receptor in order to internalize the virions (Fig. 1b) . The replication cycle is then endocytic vesicles, which in a later stage of infection are found next to a region 1 2 0 occupied by the nucleus (Fig. 1b-d) . The viral factory then takes place and completely In these regions the capsid of Yaravirus is filled with electron-dense material and the 1 3 4 virus is finally ready to be released ( Fig. 2c -red structures, suggesting a potential release by exocytosis, as observed for other viruses of 1 3 7 amoeba (22, 23) ( Fig. 2d ). Most of the viral shedding, however, is still represented by 1 3 8 lysis of the amoebal cell, followed by the release of Yaravirus particles, which later 1 3 9 reach the supernatant of the infected culture, or sometimes might get attached to the 1 4 0 debris of the cellular membranes ( Fig. 2e ). We have also evaluated Yaravirus showing a fastidious character for Yaravirus replication (Fig. 2f ). The cells then start to 1 4 5 suffer lysis induced by the virus only after the 72 h.p.i (Fig. 2f ). On the same level, from 1 4 6 proteins had hits in the Pfam-A database and in total six had distant matches in the nr 1 7 2 database. Complimentary prediction of three-dimensional structures of these proteins 1 7 3 indicated a potential function of 4 more genes (see the proteomics analysis). Taken 1 7 4 together, more than 90% (68) of the Yaravirus predicted genes are ORFans, something 1 7 5 not observed for amoebal viruses since the discovery of the pandoraviruses (even after 1 7 6 using a more relaxed criteria, BLASTp, e-value < 10 -3 ) ( Fig. 3b ) (25). The six genes 1 7 7 whose product has some homology with known protein sequences ( Fig. 3b) Phylogenetic analyses were then performed for those different genes (genes 02, 03, 28, 1 8 7 40, 46 and 69) after aligning them with protein sequences of similar function belonging 1 8 8 to different members of the virosphere and to organisms of the three cellular domains of 1 8 9 life. Given the lack of representatives on already known databases other than their best-1 9 0 hits, sequences corresponding to the genes 03 and 28 (both hypothetical proteins) didn't 1 9 1 have enough genetic information to be included in a phylogenetic analysis. For analysis 1 9 2 corresponding to the gene 02 (exonuclease/recombinase), three major groups were 1 9 3 observed to construct the morphology of the tree. Yaravirus was observed to be placed 1 9 4 in one of those branches, clustering with some members of Eukarya, specifically with 1 9 5 stony coral and insects ( Fig. 4 ). Analyses of gene 40 (virion packing ATPase) revealed existing in the viral world and how much potential of new viral genomes are still to be 2 9 9 discovered. In 2017, searching to isolate novel variants of virus-infecting amoebas, we have 3 0 5 collected samples of muddy water from a creek of the Pampulha lake, an artificial 3 0 6 lagoon located at the city of Belo Horizonte, Brazil (19•51 0.60S and 43•58 18.90W). As soon as they were collected, the samples were quickly taken to our lab and stored at 3 0 8 4 o C until they were further processed. Following the protocol, 4x10 4 amoebas of the 3 0 9
Acanthamoeba castellanii Neff strain (ATCC 30010) were seeded in each well of a 96-3 1 0 well plate, inoculating to each one a volume of around 100uL of the collected samples, to three processes of freezing and thawing and analysis of the possible isolates by 3 1 5 negative staining technique. By the end, the collected content was submitted to another 3 1 6 two blind passages in fresh cultures of amoeba, but this time, in 25 cm 2 Nunc™ Cell Culture Treated Flasks with Filter Caps (Thermo Fisher Scientific, USA) containing cacodylate. After washes with distilled water, cells were gradually dehydrated with (TAAB, UK). Ultra-thin sections were contrasted according to Reynolds (45). Electron For cryo-electron microscopy assays, the supernatant of infected cultures of 3 5 0
Acanthamoeba castellanii was collected after 7 days post-infection and submitted to a 3 5 1 first round of centrifugation, at 1500g for 10 min, looking to pellet the cell debris from submitted to a second round of centrifugation, and the virus was concentrated by 3 5 4 ultracentrifugation at 100.000g for 2h. The following steps were previously described 3 5 5
by Klose et al (21) . Briefly, the µl of virus solution were placed on glow discharged C-
Flat 2/2 grids (EMS) and plunge frozen into liquid ethane using a Gatan Cryoplunge 3. Samples were then imaged on a Talos F200C (ThermoFisher Scientific) equipped with 3 5 8 a Ceta camera (ThermoFisher Scientific). The Yaravirus genome was sequenced two times by using the Illumina Miseq software. After, gene predictions were made by using the GeneMarkS tool (48). The Conditions used in the assay were previously described (49). The aminoacid and codon usage data was compared to those presented by 3 7 6 Acanthamoeba castellanii and by different strains of amoebal viruses. For this, the 3 7 7 sequences were downloaded from the NCBI database and analyzed by using the similarities with other organisms on the NCBI database (Table 1) . By using the Clustal Life. All the trees were constructed by using the maximum likelihood evolution method, In order to identify the proteins that make up Yaravirus particles, thirty 75cm2 3 9 1 cell culture flasks (Nunc, USA), containing 7x10 6 Acanthamoeba castellanii cells/flask, 3 9 2 were infected with the isolated virus and the cytopathic effect was followed up to 7 3 9 3 d.p.i. After severe amoebal lysis, the content was collected and submitted to a first 3 9 4 round of centrifugation, at 1500g for 10 min, looking to pellet the cell debris from the 3 9 5 virus present on the supernatant. Then, this viral portion was submitted to a second 3 9 6 round of centrifugation, and the virus was concentrated by ultracentrifugation at 3 9 7 100,000g for 2h. To finish, viral pellet was then prepared for a 2D gel electrophoresis 3 9 8 and analysis by MALD-TOF and LC-MS/MS as described before by Reteno and 0.9, (54)). Phylogenetic trees were built using IQ-tree (v1.6.12, (55) Pesquisa do estado de Minas Gerais) for their financial support. J.A. is a CNPq . B  e  n  k  e  r  t  P  ,  B  i  a  s  i  n  i  M  ,  &  S  c  h  w  e  d  e  T  (  2  0  1  1  )  T  o  w  a  r  d  t  h  e  e  s  t  i  m  a  t  i  o  n  o  f  t  h  e  a  b  s  o  l  u  t  e  4  9  9u  a  l  i  t  y  o  f  i  n  d  i  v  i  d  u  a  l  p  r  o  t  e  i  n  s  t  r  u  c  t  u  r  e  m  o  d  e  l  s  .  B  i  o  i  n  f  o  r  m  a  t  i  c  s  2  7  (  3  )  :  3  4  3  -3  5  0  .  5  0  0  3  2  .  B  e  r  t  o  n  i  M  ,  K  i  e  f  e  r  F  ,  B  i  a  s  i  n  i  M  ,  B  o  r  d  o  l  i  L  ,  &  S  c  h  w  e  d  e  T  (  2  0  1  7  )  M  o  d  e  l  i  n  g  p  r  o  t  e  i  n  5  0  1u  a  t  e  r  n  a  r  y  s  t  r  u  c  t  u  r  e  o  f  h  o  m  o  -a  n  d  h  e  t  e  r  o  -o  l  i  g  o  m  e  r  s  b  e  y  o  n  d  b  i  n  a  r  y  i  n  t  e  r  a  c  t  i  o  n  s  b  y  h  o  m  o  l  o  g  y  .  5  0 
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